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OBJECTIVE — Transcutaneous oxygen tension (TcP02) measures tissue perfusion and is im- 
portant in the management of peripheral artery disease (PAD). Ankle brachial index (ABI) is used 
for the diagnosis of PAD and represents a predictor of major adverse cardiovascular events 
(MACE), even if in diabetes its diagnostic and predictive value seems to be reduced. No study 
has evaluated TcP02 as a predictor of cardiovascular events. Aim of this longitudinal study was to 
assess whether TcP02 is better than ABI at predicting MACE in type 2 diabetic patients. 

RESEARCH DESIGN AND METHODS— Among 361 consecutive patients with appar- 
ently uncomplicated diabetes, 67 MACE occurred during a follow-up period of 45.8 ± 23.2 
months. 

RESULTS — The percentage of both subjects with low ABI (£0.9) and subjects with low TcP02 
(<46 mmHg as measured by a receiver operating characteristic curve) was significantly (<0.001) 
greater among patients with than among those without MACEs (ABI 64.2 vs. 40.8; TcP02 58.2 
vs. 34%). The Kaplan-Meier method showed that both low ABI (Mantel log-rank test, 4.087; P = 
0.043) and lowTcP02 (Mantel log-rank test, 33.748; P > 0.0001) were associated with a higher 
rate of MACEs. Cox regression analysis showed that low TcP02 (hazard ratio 1.78 [95% CI 1.44- 
2.23] ; P < 0.001) was a significant predictor of MACE, while ABI did not enter the model. 

CONCLUSIONS — This longitudinal study showed that TcP02 may be a potential predictor 
of MACE among patients with uncomplicated type 2 diabetes and that its predictive value seems 
to be greater than that of ABI. 



Diabetic patients have an increased 
cardiovascular risk (1,2). Indeed, 
cardiovascular disease is the main 
cause of mortality and morbidity related 
to diabetes, and approximately two- 
thirds or more of diabetic patients die 
of cardiovascular disease (1,2). Cardio- 
vascular death rate of diabetic patients 
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without prior myocardial infarction even 
seems to be similar to that of nondiaba- 
betic patients with prior myocardial in- 
farction (3). 

Ankle brachial index (ABI), com- 
monly used as a diagnostic test for pe- 
ripheral arterial disease (PAD) (4), is 
considered an independent powerful 



marker of cardiovascular morbidity and 
mortality in the general population 
(5,6). An ABI of <0.90 is universally rec- 
ognized as the cutoff for the diagnosis of 
PAD (4). However, in diabetic people the 
use of ABI has some important diagnostic 
limitations: indeed, the presence of typi- 
cal medial artery calcifications causes 
arterial wall stiffness and a high prevalence 
of false-negative values (7-9). Transcuta- 
neous oxygen tension (TcP02) is a nonin- 
vasive method to measure tissue perfusion: 
it reflects very well the metabolic state of 
lower limbs (10,11). TcP02 is currently 
used in clinical practice in the manage- 
ment of the vascular diabetic foot (11,12); 
in particular, it is important in determin- 
ing amputation level, wound healing eval- 
uation, and revascularization procedures 
(11,12). TcP02 is not affected by arterial 
calcification and is particularly useful in 
evaluating PAD in diabetic patients (13); 
in addition, it has a good reproducibility 
(10-12). Nevertheless, there is not thus 
far a universally recognized specific cutoff 
of TcP02 for the diagnosis of PAD (11). 
Finally, it is unknown whether TcP02 
may be a reliable marker as well of cardio- 
vascular morbidity and mortality in diabe- 
tes. Aim of the current study was to assess 
whether TcP02 is better than ABI in pre- 
dicting major adverse cardiovascular 
events (MACEs) among diabetic patients. 

RESEARCH DESIGN AND 
METHODS — For this study, we en- 
rolled 377 consecutive patients with un- 
complicated type 2 diabetes who attended 
the diabetic foot clinic for the routine 
screening visit for the prevention or de- 
tection of diabetic foot. Exclusion criteria 
were as previously reported (14): age <41 
or >75 years, symptoms of coronary 
events as defined by Rose questionnaire, 
history of coronary events, coronary artery 
revascularization, heart failure, uncon- 
trolled hypertension (> 180/100 mmHg), 
significant valvular diseases, cardiomy- 
opathy, chronic or acute diseases, preg- 
nancy, liver or kidney disease (creatinine 
>130 |JLmol/L), diabetic proliferative 
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retinopathy or previous photocoagula- 
tion, therapy with digitalis, neoplasia, 
duration of diabetes <12 months. Addi- 
tional exclusion criteria were presence of 
current or previous foot ulcers, history 
of stroke or transient ischemic attack, and 
claudicatio intermittens. 

We hypothesized that the total rate of 
cardiac, cerebral, and peripheral vascular 
complications over a 4-year follow-up 
would be 20% in the whole population. 
We estimated a prevalence of PAD of 
-25% among patients without future 
occurrence vascular complications and an 
approximately double prevalence of PAD 
among subjects with vascular complica- 
tions. Considering an a-type I error 
<0.05 and a (3-type II error of 90%, we 
estimated a sample size of 370 patients. 

The study was approved by an ethics 
committee. All patients gave informed con- 
sent for both performing each test and 
participating in the study. 

As in our previous studies (14-16), 
diabetes was diagnosed according to 
American Diabetes Association criteria 
and hypertension according to European 
Society of Hypertension/European So- 
ciety of Cardiology criteria. Patients 
with an albumin excretion rate (AER) 
<30 mg/day were considered normoalbu- 
minuric, while patients with AER between 
30 and 299 mg/day were considered mi- 
croalbuminuric (14-16). Macroalbumi- 
nuria was defined as AER >300 mg/day 
or based on a dipstick-positive proteinuria 
(14-16). Patients were considered smok- 
ers if they were current smokers or former 
smokers (14-16). A family history of cor- 
onary artery disease (CAD) was considered 
positive in the presence of a documented 
myocardial ischemia or infarction in a 
first-degree relative (14-16). BMI was cal- 
culated as weight in kilograms divided by 
the square of height in meters (14-16). 
Diabetic autonomic neuropathy was iden- 
tified by an abnormal finding in at least 
one of the following five standard repeat- 
able tests as previously reported (17): the 
heart rate response to a Valsalva maneu- 
ver, the heart rate variation during deep 
breathing, the blood pressure response 
to sustained handgrip, the immediate 
heart rate response to standing, and the 
blood pressure response to standing (17). 

In all of the patients , ABI , i . e . , the ratio 
of systolic blood pressure in the ankle 
over the pressure in the brachial artery, 
and TcP02 were evaluated as previously 
reported (15). In particular, TcP02 mea- 
surements were performed at the dorsum 
of the foot, ~2 cm proximal to the basis of 



the third toe, avoiding areas overlying 
bone or superficial veins. A TCM4 Radi- 
ometer (Medical Aps, Bronshoj, Den- 
mark) device was used. The patient was 
in supine position after 20 min of rest in a 
room with a temperature between 22 and 
24°C. The measuring site was carefully 
cleaned with saline solution. The electro- 
chemical transducer was fixed to the skin 
by using double-sized adhesive rings and 
contact liquid supplied by the manufac- 
turer. Calibration of the device was car- 
ried out before each measurement. The 
calibration period was 10 min, and the 
TcP02 signal was recorded for 30 min. 
In every patient, ABI and TcP02 were 
evaluated in both legs; the lowest value 
both for ABI and for TcP02 was reported 
in the results and used for the analyses. 
For assessment of the presence of distal 
polyneuropathy, nerve conduction test- 
ing were performed at a stable skin tem- 
perature of 31°C and a room temperature 
of 24°C as previously reported (15). 

Venous blood sample was taken from 
subjects after fasting for 12 h. Cholesterol, 
HDL, and triglycerides were measured 
by an automatic analyzer HITACHI 737. 
LDL was calculated by the Friedewald 
formula (18). HbAi c was measured by 
high-performance liquid chromatography 
(Biorad, Richmond, California). AER was 
measured by nephelometry (Beckmann, 
Milan, Italy). 

Follow-up 

Among 377 patients, 16 (4.2%) were lost 
at follow-up. So, a total of 361 patients 
with complete follow up data were in- 
cluded in the current study. 

The end point of this study was the 
occurrence of MACEs, which included, as 
previously described (14,16), CAD death, 
sudden death, nonfatal myocardial infarc- 
tion, death due to congestive heart failure, 
unstable angina, need for repeat revascu- 
larization (aside from restenosis), stroke 
or transient ischemic attack, and symp- 
tomatic PAD documented by angiogra- 
phy. Criteria for the diagnosis of MACEs 
and collection of any information regard- 
ing MACEs have previously been de- 
scribed (14,16). 

Statistical analysis 

Differences in normally distributed vari- 
ables were evaluated by the Student t test, 
while differences in nonnormal variables 
were assessed by the Mann-Whitney U 
test. The Pearson x 2 was used for fre- 
quency comparison. To identify the best 
cutoff of TcP02 for MACE, a receiver 



operating characteristic (ROC) curve 
with the area under the curve was evalu- 
ated. Survival curves were estimated by 
the Kaplan-Meier test and compared by 
the Mantel log-rank test. The influence 
of each variable on the occurrence of 
MACEs was assessed by stepwise Cox re- 
gression analysis. Hazard ratios (HRs) 
(95% CI) were computed to identify signif- 
icant predictors of MACEs. We considered 
statistically significant a P value <0.05. 

RESULTS 

Occurrence of MACEs 

Follow-up period duration was defined as 
the period of time up to the occurrence of 
the first MACE or up to the last informa- 
tion obtained. Mean follow-up period was 
45.8 ± 23.2 months. During the follow- 
up period, 67 patients had MACE. 

Table 1 shows the features of the 
whole study population at baseline and 
of the patients stratified by presence/absence 
of MACEs. Male sex, family history of CAD, 
percentage of smokers, microalbuminuria, 
autonomic neuropathy, and serum levels 
of total and LDL cholesterol were signifi- 
cantly higher in the MACE than in the 
non-MACE group. 

An ABI of <0.90 was used as the cut- 
off for the diagnosis of PAD (11,15). The 
percentage of patients with ABI values 
SO. 90 was significantly higher in the 
MACE than in the non-MACE group. 

TcP02, measured by an ROC curve, 
showed a value 46 mmHg as the best 
threshold for identifying MACE, with an 
area under the curve of 0.73 (95% CI 
0.68-0.77). The ROC curve is reported in 
Fig. 1 . The analysis showed the following 
results for that cutoff: sensitivity 0.97, 
specificity 0.54, positive predictive value 
0.32, and negative predictive value 0.99. 
By using this cutoff, the percentage of pa- 
tients with low TcP02 was significantly 
higher in the MACE than in the non- 
MACE group. 

No significant differences in diabetes 
treatment or other medications (antihy- 
pertensive drugs, aspirin, and so on) were 
observed between the two study groups. 
The percentage of patients treated with 
statins was significantly higher in the non- 
MACE than in the MACE group (64.6 vs. 
43.2%; P= 0.001). 

Multivariate analysis 

The Kaplan-Meier method showed that ABI 
<0.90 (Mantel log-rank test 4.087; P = 0.043 
[Fig. 2]) and TcP02 <46 mmHg (Mantel 
log-rank test 33.748; P < 0.0001; Fig. 3) 
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Table 1 — Clinical and anthropometric features of the whole population and of patients 
stratified by presence/absence of MACE 





All patients 


MACE 


No MACE 


P 


n 


361 


67 


294 




Age (years) 


58.3 ± 6.9 


58.5 ± 7.9 


58.2 ± 6.7 


0.740 


Males 


47.9 


71.6 


42.5 


<0.001 


BMI (kg/m 2 ) 


28.4 ± 3.3 


28.4 ± 3.4 


28.4 ± 3.3 


0.958 


HbA lc (%) 


7.2 ± 1.0 


7.3 ± 1.1 


7.1 ± 1.0 


0.298 


Diabetes duration (years) 


8.8 ± 5.5 


8.9 ± 5.0 


8.8 ± 5.6 


0.856 


Family history of CAD 


35.1 


56.7 


30.2 


<0.001 


Hypertension 


58.7 


56.7 


59.1 


0.711 


Smokers 


29.6 


52.2 


24.4 


<0.001 


Triglycerides (mmol/L) 


1.6 ± 0.5 


1.5 ± 0.5 


1.6 ± 0.5 


0.135 


Cholesterol (mmol/L) 


5.0 ± 0.7 


5.2 ± 0.7 


4.9 ± 0.6 


0.007 


HDL (mmol/L) 


1.1 ± 0.2 


1.1 ± 0.3 


1.1 ± 0.2 


0.900 


LDL (mmol/L) 


3.1 ± 0.7 


3.3 ± 0.7 


3.1 ± 0.7 


0.002 


Microalbuminuria 


28.5 


IHEHflH 


23.8 


<0.001 


Autonomic neuropathy 


18.8 


37.3 


14.6 


<0.001 


Distal polyneuropathy 


27.1 


32.8 


25.8 


0.245 


ABI <0.90 


45.1 


64.2 


40.8 


<0.001 


ABI >1.2 


14.9 


16.4 


14.6 


0.794 


ABI >1.3 


6.9 


10.4 


6.1 


0.208 


ABI >1.4 


0.3 


0 


0.3 


0.633 


TcP02 <46 mmHg 


38.5 


58.2 


34.0 


<0.001 


Statin use 


60.6 


43.2 


64.6 


0.001 



Data are percent or means ± SD unless otherwise indicated. 



at baseline were both significantly associ- 
ated with a higher incidence of MACE. For 
assessment of the impact of several varia- 
bles, including ABI, as independent pre- 
dictors of MACE, a multivariate Cox 
regression analysis was performed. The 
following variables were tested as poten- 
tial predictors: sex, age, diabetes duration, 
hypertension, family history of CAD, 



TcP02 (mmHg) 




0 20 40 60 80 100 

Specificity 



Figure 1 — ROC curve ofTcP02 in detection of 
MACE in diabetic patients. 



smoking, microalbuminuria, HbA lc , 
BMI, cholesterol, triglycerides, LDL, 
HDL, autonomic dysfunction, distal po- 
lyneuropathy, and ABI. Variables were 
dichotomized as previously reported 
(14-17,19). The only independent pre- 
dictor of MACE was microalbuminuria 
(HR 1.3 [95% CI 1.03-1.64]; P = 0.023). 
ABI did not enter the model. When TcP02 
(<46 mmHg) was added to the list of 
potential predictors, Cox regression 
analysis showed that the only indepen- 
dent predictor of MACE was TcP02 
(1.78 [1.44-2.23]; P < 0.001) and that 
microalbuminuria and ABI did not enter 
the model. When a different cutoff for 
TcP02 was used (<40 mmHg), Cox re- 
gression analysis showed similar predic- 
tive values for TcP02 (1.69 [1.41-2.29]; 
P < 0.001). ABI did not enter the model, 
even when other cutoffs (> 1 .2, > 1 .3, and 
>1.4) were tested. 

CONCLUSIONS— Our study shows 
for the first time that 1 ) TcP02 is a simple, 
reproducible, and reliable tool to identify 
subjects at very high risk for MACE 
among patients with uncomplicated 
type 2 diabetes and 2) TcP02 has a pre- 
dictive power for MACE higher than that 
of ABI. It is well-known that type 2 



diabetic patients suffering from PAD 
have a very high cardiovascular risk and 
an increased mortality (20,21). However, 
PAD is often asymptomatic, and therefore 
it should be assessed in every diabetic pa- 
tient (1 1). At the moment, ABI represents 
the parameter commonly used for the di- 
agnosis of PAD and is also considered to 
be a strong predictor of cardiovascular 
morbidity and mortality in the general 
population (22 ,23). This prognostic value 
was also suggested in diabetic patients 
(9). Nevertheless, in diabetic patients 
both the diagnostic and the predictive 
value of ABI may be limited because of a 
high prevalence of false-negative values 
as a result of medial arterial calcifications 
(7-9) . Nam et al. (7) showed that the most 
significant factor affecting the validity of 
ABI was diabetes with an OR of 4.36 for 
false-negative results. In addition, al- 
though ABI is usually considered simple 
and reproducible, it may be affected by 
the experience of practicing physicians 
(24). However, a recent paper has ob- 
served that the predictive value for cardio- 
vascular and all-cause mortality may be 
similar in subjects with and without 
type 2 diabetes (25). 

TcP02 is a noninvasive and highly 
reproducible measure of skin oxygena- 
tion and reflects very well the metabolic 
state of lower limbs (10-12). Given that 
TcP02 measurement is not affected by 
arterial calcification, it is particularly use- 
ful in evaluating and managing vascular 
disease in diabetic patients (13). Several 
studies have analyzed the use of TcP02 
measurement in determining amputa- 
tion level, the need of revascularization 

(1 1.12.26) , and wound healing evaluation 

(1 1.12.27) , but no studies are available in 
the literature about the use of TcP02 
as a predictor of cardiovascular events. 
The main original findings of our investi- 
gation are that there is a strong indepen- 
dent association between TcP02 and 
future occurrence of MACE and that this 
association is stronger than that between 
ABI and MACE. This greater predictive 
value of TcP02 may be due to the fact 
that TcP02 directly reflects tissue perfu- 
sion, while ABI is affected by artery calci- 
fications often present in diabetes (11). 
These new findings could have interesting 
clinical implications. Indeed, although all 
diabetic patients have a high cardiovascu- 
lar risk, those with a TcP02 <46 mmHg 
might have a particularly high cardiovas- 
cular risk. The assessment of TcP02 could 
be useful to better stratify the cardiovas- 
cular risk of diabetic patients and could 
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Figure 2 — Kaplan-Meier survival curve according to the presence of normal (>0.9) or patho- 
logical (^0.9) ABI in 361 patients with apparently uncomplicated type 2 diabetes. 



imply that specific treatments should be 
performed. This may be particularly use- 
ful in diabetic subjects at relatively lower 
cardiovascular risk, as were those enrolled 
in the current study. Indeed, only persons 
with uncomplicated diabetes were evalu- 
ated. Certainly, ABI remains a routine tool 
for screening PAD among diabetic pa- 
tients. It is interesting to note that al- 
though ABI is significantly associated 
with MACE in univariate analysis and in 
the Kaplan-Meier survival curve, it does 
not enter the model in the multivariate 
analysis. However, we can exclude that 
ABI may be independently associated 
with MACE in a larger study population. 
But specific studies should clarify when 
TcP02 should be used to more effectively 
identify subjects at higher cardiovascular 
risk. The recent study by Hanssen et al. 
(25) has shown that ABI has similar pre- 
dictive value for mortality both in diabetic 
and nondiabetic subjects. We cannot ex- 
clude that TcP02 may have a higher pre- 
dictive value also in nondiabetic patients, 
but specific work is needed to test this hy- 
pothesis. However, our study population 
may be rather small, since it is difficult to 
accurately estimate a sample size. Indeed, 
there are no previous studies on the 



prevalence of abnormal TcP02 in patients 
without foot ulcers and with PAD; in ad- 
dition, an established cutoff of TcP02 
does not exist. This implies that our data 
should be interpreted with caution and 
larger studies are needed to confirm our 
findings. 

Another finding of the current study 
relates to the cutoff of TcP02. We have 
identified a cutoff that seems to identify 
very well patients at risk for MACE, but 
there is still not an established TcP02 
value to predict the need for revascular- 
ization or for the diagnosis of PAD. It is 
important to remember that no study has 
evaluated the potential use of TcP02 in 
asymptomatic PAD patients; therefore, it 
is not possible to directly compare our 
data with those of previous studies that 
have evaluated subjects with critical limb 
ischemia or an amputation threshold. 
Indeed, some studies considered 30 mmHg 
as the best threshold for TcP02 to identify 
patients who need revascularization (28). 
The TransAtlantic Inter-Society Consen- 
sus stated that TcP02 <30 mmHg is re- 
lated to critical limb ischemia (4). Faglia 
et al. (28) identified a cutoff of 34 mmHg 
for revascularization needs, stating that for 
values between 34 and 40 mmHg there 



exists an elevated amputation probability. 
Other work suggested a TcP02 value be- 
tween 30 and 50 mmHg for the diagnosis 
of PAD, even if this range appears to be 
too wide for clinical purposes (1 1). In our 
investigation, a threshold of 46 mmHg has 
been identified as the most efficient cut 
point for the identification of the patients 
at high risk for MACE. However, we have 
also evaluated a TcP02 cutoff equal to 
<40 mmHg, which represents the thresh- 
old beyond which the amputation risk 
is drastically reduced (28) and which 
was used in our previous study (15). The 
multivariate analysis showed that a cutoff 
of 40 mmHg is also able to effectively 
identify subjects at risk for MACE. In 
any case, specific large studies are needed 
to establish both the best cutoff for the 
diagnosis of PAD and the most adequate 
threshold to predict MACE, even if it is 
likely that the two cutoffs may coincide. 

In our study, no difference in aspirin 
use was observed between patients with 
and without MACE. There are several 
possible reasons for this surprising find- 
ing. First, some patients may have taken 
aspirin in a noncontinuous manner or 
may have stopped taking it during the 
follow-up. On the other hand, this is not a 
trial to evaluate the efficacy of a drug. So, 
we do not have complete information on 
treatments during the study period. In 
addition, there is evidence that aspirin 
may be less effective in preventing MACE 
in diabetic patients than in nondiabetic 
people (29). 

It is evident that in our study, only 
people "at relatively low cardiovascular 
risk" were enrolled; indeed, all patients 
with conditions or risk factors, including 
age >75 years, associated with an in- 
creased incidence of MACE were excluded. 
But if one considers the incidence of MACE 
during the follow-up period, our study 
population seems to be "at high cardiovas- 
cular risk." Indeed, we have observed an 
incidence of events greater than that re- 
ported in other investigations (30,31). 
Nevertheless, this seems mainly due to 
the fact that we have used a broad com- 
posite clinical outcome that includes all 
vascular complications, including those 
transient, such as transient ischemic at- 
tack, as also done in previous studies 
(14,16). In addition, we cannot exclude 
that a slight increased evidence of cardiac 
events may be due to the systematic 
screening for silent CAD in all men with 
erectile dysfunction in our clinic (19,32). 

A study limitation may be represented 
by the fact that intra- and interobserver 
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Figure 3 — Kaplan-Meier survival curve according to the presence of normal (>46 mmHg) or 
pathological (<46 mmHg) TcP02 in 361 patients with apparently uncomplicated type 2 diabetes. 



errors for TcP02 were not tested. Most 
studies found inter/intraobserver errors 
for TcP02 of -20%. This may imply 
that a single reading in a single foot could 
make a large difference to the cutoff value. 
This is true even if one considers that in 
our study, TcP02 was measured in both 
legs but only the lowest value was reported 
in the results and used for the analyses. 
Therefore, other larger studies are needed 
to test the predictive power of TcP02 and 
the exact cut point value. 

In conclusion, the present longitudi- 
nal study showed that TcP02 could 
possibly be used as a predictor of MACE 
among patients with uncomplicated type 
2 diabetes and that its predictive value 
may be greater than that of ABI. 
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